Fetal growth retardation was diagnosed in 137 (7.8 percent) of 1,757 white full-term infants who had crown-heel lengths below the fifth percentiles for their gestational ages. The incidence of short infants was 121 (11.1 percent) among 1,093 mothers with high-risk pregnancies compared to 16 (2.4 percent) in 664 low-risk mothers (p < 0.0001). There were four high-risk categories: spontaneous premature rupture of membranes (PROM), fetal conditions, complications of pregnancy, and adverse maternal practices. The incidence of short infants was significantly higher in each of the four high-risk categories than in the low-risk group.
INTRODUCTION
There are two types of growth retardation in newborn infants: fetal malnutrition (reduction of soft tissues) and fetal growth retardation (reduction in crown-heel length for gestational age). These two types were described more than 25 years ago [1] , but the distinction has often been neglected since by neonatologists, who favored a single entity-intrauterine growth retardation (IUGR)-diagnosed by a low birth weight for gestational age. IUGR was favored because it was easier to obtain reliable birth weights than reliable measurements of crown-heel length [2] . A reliable method of measuring crown-heel length at birth is available, however, and fetal malnutrition diagnosed by a low ponderal index can be distinguished from growth retardation diagnosed by a short crown-heel length for gestational age [2] .
It is important to make the distinction, because their pathogeneses, clinical courses, and prognoses differ [3, 4] . The ready availability of growth hormone for treating growth failure has increased the need for obtaining reliable measurements of crownheel length at birth [5, 6, 7] . In this paper we use the term "fetal growth retardation" (FGR) to mean short crown-heel length, and "fetal malnutrition" to mean reduced soft-tissue mass. We prefer these terms to the terms "symmetric" and "asymmetric" IUGR, as used by some, or "proportionate" and "disproportionate" IUGR, as used by others, because the latter terms are neither descriptive of the process nor do they parallel the terminology used in pediatrics, where short stature (length) is called "growth retardation," and inadequate soft-tissue mass is called "malnutrition." We see no reason to change these terms for the fetus, and several reasons to keep them the same as in general pediatric use.
The objective of the present study was to determine the epidemiology and frequencies of short crown-heel length in newborn full-term white infants. The epidemiology of fetal malnutrition is the subject of a separate study. Only white infants were used in this report because the number of black infants was considerably smaller, producing less stable estimates, and this approach eliminates the potentially confounding effect of race. Only full-term (37 + weeks' gestation) deliveries were used, so that the factors causing short crown-heel lengths could be studied independently of factors causing short gestations. Any conclusions from this study should, therefore, not be applied to pregnancies in black women or to premature deliveries without confirmatory evidence.
The general format of the present study was the same as in our previous epidemiologic studies of low birth weight (LBW) infants [8] [9] [10] . Briefly, the outcomes of pregnancies were determined in low-risk pregnancies and in pregnancies complicated by the risks listed in Table 1 , while controlling for socioeconomic and biologic conditions present in all pregnancies. It has been established that birth weight can be significantly affected, either upward or downward, by such biologic conditions as maternal height, weight-height ratio at conception, age parity, race, and the gestational age and sex of the infant [1 1,12] . It is essential to take these biologic conditions into account in epidemiologic studies that involve prenatal growth. The arrangement of risk factors shown in Table 1 was first developed by the pediatric investigator (HCM) in 1983, based on the generally accepted information available at that time, although it has been somewhat modified since then [13] . Most of these risk factors were discussed in the Institute of Medicine's report Preventing Low Birthweight, although the arrangement of the factors was considerably different [14] .
METHODS
The 1,757 white mothers and their singleton full-term infants were the same as in our previous studies [8] [9] [10] . The infants were born between April 1975 and April 1979 at the University of Kansas Medical Center. The pediatric investigator (HCM) interviewed each mother between her delivery and discharge from the hospital to clear up any uncertainties in her medical and obstetric record and to obtain data on cigarette smoking. Infants were usually measured before interviews, because seeing the mothers often had to be postponed, as they frequently were receiving post-delivery nursing or medical care, but the mothers were occasionally interviewed first. It is unlikely that this method produced interviewing bias, because at the time there were no studies in the U.S. indicating the importance of crown-heel measurements. There were four socioeconomic groups, as follows: mothers in groups I and II paid full hospital costs and physicians' fees; mothers in group I had completed at least 13 years of school, and mothers in group II had completed less than 13 years of school. Mothers in group III either had their hospital costs and physicians' fees discounted or had them limited to third-party payments. Mothers in group IV either were on welfare or came from homes in which heads of household were unemployed.
All infants were examined and measured by the pediatric investigator (HCM). Gestational ages of full-term infants were determined, whenever possible, from the first day of the mother's last menstrual period. Infants were assigned a definite age in completed weeks if calculated gestational ages were the same as gestational ages estimated by the obstetricians and pediatric investigator. If gestational age could not be calculated, or was in doubt (19.5 percent), the infant was declared a full-term infant on the basis of the obstetrician's estimates and estimates made by the pediatric investigator, using birth measurements and Dubowitz scores [15] , with the final decision resting with the pediatric investigator.
The Kansas City fetal growth tables for crown-heel length, head circumference, birth weight, and ponderal index for white babies were used; separate tables were available for boys and girls [12] . These tables were developed on babies resulting from normal pregnancies; that is, infants were excluded from being in the standards group if the pregnancy had any of the risk factors indicated in Table 1 . In addition, there were also separate tables for white females, white males, black females, and black males. Beyond this subdivision, however, they were not adjusted for social or biological variables.
There are many difficulties in measuring crown-heel length, including how to extend the infant to full length without artificial stretching, how to hold the infant still, and how to measure accurately. For this study, the method developed by Miller and Hassanein was used [2] . Briefly, this method involved using a specially constructed box with a movable footboard and built-in tape measure; the infant's head rested exactly against the end of the box, and then the tonic neck reflex was used to relax flexion at the hip and knee on the side the infant was facing in order to obtain full extension without stressing the infant. The movable footboard was then brought up to the infant's foot and the reading was measured where the footboard touched the tape. Intra-rater reliability (ten measurements on each infant) produced standard deviations which averaged less than .25 cm. Inter-rater reliability on 25 consecutively born infants between the pediatric investigator (HCM) and the senior resident found identical readings on 13 infants, differences of 0.5 cm on ten infants, and a difference of 1 cm on two infants [2] .
Outcomes of pregnancies were determined in the high-risk categories and in the low-risk group, while controlling for biologic and socioeconomic conditions present in all pregnancies. The biologic conditions were maternal height, weight-height ratio at conception, age, and race, and the sex and birth order of infants; the socioeconomic conditions were socioeconomic level of head of household, years of school completed by the mother, and her marital status.
Chi-square, risk ratio, and confidence interval calculations were done on the Statcalc program that is part of the EPIINFO program produced by the Centers for Disease Control (Version 2, February 1987). The loglinear model was calculated using the CATMOD (Categorical Models) procedure in the Statistical Analysis System (SAS), version 6.02, for microcomputers. RESULTS There were two broad groups of conditions in pregnancies that were significantly associated with births of short full-term infants: risk conditions in the four high-risk categories as shown in Table 1 , and conditions present in all pregnancies, including maternal height, socioeconomic status of head of household, and sex of infant. The effects of the four risk factors are shown in Tables 2 through 5 , and the effects of conditions present in all pregnancies, controlled for risk group, are shown in Tables 6  through 8 .
In Table 2 the incidence of short infants in the four high-risk categories is compared to the incidence of 16 (2.4 percent) short infants born to 664 low-risk mothers. The incidence in the four high-risk categories were as follows: PROM, 16/110 (14.5 percent); fetal conditions, 4/19 (21.1 percent); complications of pregnancy, 32/220 (14.5 percent); and adverse maternal practices, 69/744 (9.3 percent). The numbers of infants equal to or above 2,501 grams and below 2,501 grams are shown separately, to demonstrate that the incidence of full-term, adequate-weight babies that are nevertheless short is not inconsequential, although this group is seldom considered in the literature or in clinical practice.
Comparison of the proportions of short infants between the total high-risk and the low-risk categories (Table 2) was highly significant statistically, with the risk ratio for short crown-heel length equaling 4.59 (the 95 percent confidence limits were 2.91 and 7.24 [method of Miettinen]). Significantly, no short full-term infant had a birth weight under 2,001 grams.
Comparisons are made in Table 3 between mothers who had multiple and single risks in their pregnancies. In most cases, the multiple-risk factors included smoking plus one (or occasionally two) other risk factors, such as a medical/obstetrical factor or another adverse maternal practice. The sample sizes of the various combinations became too small for more detailed analyses by risk combinations.
The incidence of 64 (16.2 percent) short infants born in the group of 394 mothers with multiple risk factors was significantly higher than the incidence of 57 (8.2 Chi-square = 66.03; d.f. = 2; p < 0.0001 percent) short infants born in the group of 699 mothers with single risk factors, and higher than the 16 short infants (2.4 percent) among the low-risk pregnancies. In each of the high-risk categories in Table 3 , the incidence of short infants was consistently higher among mothers with multiple than with single risk factors. Adverse Maternal Practices Mothers who had only adverse maternal practices in their pregnancies were the largest high-risk group (n = 744) and are studied in Table 4 . The incidence of short infants born in the group of 177 mothers with multiple adverse practices was 23 (13.0 percent), which is considerably and significantly higher than the incidence of 16 (2.4 percent) short infants born to the group of 644 mothers with no risk factors (p < 0.0001). One hundred and sixty-nine of the 177 mothers with multiple adverse practices (95 percent) smoked cigarettes during pregnancy, and 135 of these 177 mothers smoked ten or more cigarettes a day throughout pregnancy.
The incidence of short infants among 209 mothers whose only known risk was that they smoked twenty or more cigarettes a day throughout pregnancy was 19 (9.1 percent), an incidence that also is much higher than the incidence of 2.4 percent among low-risk mothers, although less than for mothers with multiple risk factors. The incidence of short infants born in the group of 250 mothers who smoked less than twenty cigarettes a day was 21 (8.4 percent), an incidence that is still considerably higher than the incidence of 2.4 percent among low-risk mothers, but similar to the incidence to mothers who smoked 20 or more cigarettes per day. An overall chi-square was done for Table 4 , comparing the proportion of infants with short stature in the multiple risk factor group, the single risk factor group, and the low-risk group (p < 0.0001). As a group, the mothers with only single adverse practices had much higher rates of infants with FGR than the low-risk group (p < 0.0001).
An apparent synergistic effect on the incidence of short infants is demonstrated in Table 5 among the 78 mothers who had PROM in combination with other risks in additive model. Because no short infants were born to mothers with only PROM (although the numbers were small) it may be that PROM is a marker for another abnormality that reduces stature when combined with other risk factors.
Maternal Height
The association of short maternal height, i.e., under 157.7 cm (62 inches), with the incidence of short infants is shown in Table 6 . No statistically significant association was seen between a short maternal height and crown-heel length of infant in the group of 661 mothers with low-risk pregnancies; however, maternal height was associated with a higher risk of short infants among short mothers who also smoked cigarettes at any level during pregnancy, and among short mothers who had PROM in connection with other risk factors in Table 1 . In the cigarette-smoking group of mothers under 62 inches, 13/49 (27 percent) of the infants born were short at birth compared to 27/408 (6.6 percent) short infants born to taller smoking mothers; the difference between the two shortest groups of mothers, on the one hand, and the two taller groups, on the other, is statistically significant. In Table 6 , by chi-square there was no statistically significant difference in the distribution of maternal heights between either the smoking group or the PROM group when compared to the low-risk group, so no test for interaction was required.
In the group of 77 mothers with PROM plus other risks, the 12 short mothers produced six short babies (50 percent), compared to ten (15 percent) born to the 65 taller mothers with this combination of risks; the difference is statistically significant. Therefore, although low maternal height alone did not produce an increased incidence of FGR, low maternal height did so in combination with either smoking or PROM. Table 1 bAll smokers (full-or part-time)
cComplications: single medical or obstetric complications of pregnancy (Table 1) dEach chi-square on 1 d.f. compares the higher two SES groups combined with the lower two SES groups combined.
Analysis of three-way table: SES x (Smoke/not smoke) x (short/normal): First analysis: interaction of SES and smoking group on outcome was not statistically significant (p = 0.142 on 3 d.f.). Therefore, for the second analysis, the interaction term was dropped, and the independent effects of SES and the smoking group on outcome were studied. The SES was not statistically significant (chi-square = 3.41 on 3 d.f., p = 0.333), but the smoking group was highly significant (chi-square -10.82 on 1 d.f.,p =0.001).
Socioeconomic Status (SES)
In Table 7 a low socioeconomic status (groups III and IV) alone did not significantly alter the incidence of short infants born to low-risk mothers (p = .602). Low socioeconomic status, however, did predict a higher rate of short babies among mothers who smoked and among mothers who had medical or obstetric complications of pregnancy.
Among mothers with medical or obstetrical complications, there were six short infants (24 percent) born to 25 mothers in SES groups III and IV, which is higher than the five short infants (7.2 percent) born to 69 similar mothers in SES groups I and II (p = 0.036). There was no statistically significant difference in the distribution of mothers by SES between the low-risk group and the mothers with complications, so the effect of SES would appear to be direct in this group.
Among smoking mothers, however, there were 28 short infants (11.8 percent) born to 237 mothers in socioeconomic groups III and IV, which is higher than the incidence of 12 (5.5 percent) short infants born to 217 smoking mothers in SES groups I and II. There was a statistically significant association between SES and smoking status, so that the adverse effect of low SES on crown-heel length might have been mediated through smoking. A log-linear model on a three-way table studying the relationship of SES, risk group (smoke/low-risk), and outcome (short/not short), did not, however, show the interaction to be statistically significant after the other effects were controlled. Therefore, we conclude that smoking had a clear adverse effect, and the Table 1 'Category 5, Table 1 dCategory 3, Table 1 eCategory 4, Table 1 fCategory 5, Table 1 Chi (1.36, 3.22) apparent adverse effect of SES does not go beyond the fact that lower SES women were more likely to smoke.
Sex of the Infant
Data in Table 8 demonstrate that girls were more likely to be born short than were boys. There was no significant difference in the proportion of short girls and boys born to low-risk mothers. There was a greater proportion of short girls than short boys born to mothers who smoked and mothers with multiple adverse maternal practices (which usually included smoking 20 + cigarettes per day throughout pregnancy). In the group of 209 mothers who smoked 20 or more cigarettes a day, three short boys were born to 110 mothers (2.7 percent) and 16 short girls were born to 99 mothers (16.2 percent). The difference is statistically significant.
In the group of mothers with multiple adverse practices, four short boys were born to 87 mothers (4.6 percent), and 19 short girls were born to 90 mothers (21.1 percent); the difference is statistically significant.
No significant associations were observed between: (1) the number of years of school completed by mothers (over 12 years, 12 years, under 12 years); (2) their marital status (married and not married); (3) their age (over 34 years, [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] years, under 17 years); or (4) the birth order (first born and later born) and the incidence of short babies.
DISCUSSION
The present study is one of a series of investigations to determine if there are significant differences in the epidemiology of full-term infants with short crown-heel lengths at birth, full-term infants with fetal malnutrition [16] , and low birth weight pre-term infants among whites and blacks [8] [9] [10] . Even among full-term babies, the epidemiology of FGR was more complicated than expected.
If the only independent variables used had been the risks listed in Table 1 , there would have been considerable similarity in the risk factors for FGR in full-term infants and those for LBW as reported in our previous studies [8] [9] [10] ; that is, PROM, fetal factors, medical/obstetric complications, and adverse maternal practices all increased the risk for short crown-heel length, as they did LBW. Moreover, multiple risk factors produced much higher rates of abnormality than did single risk factors, as was shown for LBW [9] . Also in agreement with prior studies on the risks for LBW, cigarette smoking was an important risk factor.
When, however, the risk factors in Table 1 were controlled by analyzing the biologic and socioeconomic variables within the different risk groups, some new patterns emerged. In general, the biologic and socioeconomic factors did not produce short babies if no other risks were present, but in combination with smoking or medical/ obstetrical complications, biologic and socioeconomic factors appeared to increase the risk for short crown-heel length. This finding echoes a consistent pattern in our studies: mothers often appear to be able to tolerate one risk factor without a major increase in adverse infant outcomes, whereas two or more risk factors in combination are poorly tolerated.
It is doubtful the results of this study could have been obtained without using an appropriate method for measuring crown-heel length, and unless appropriately constructed fetal growth tables were available. In constructing fetal growth tables, it is essential that all possible high-risk conditions, such as those listed in Table 1 , be considered in order to avoid, insofar as possible, the inclusion in the tables of infants at high risk for impaired prenatal growth. There have been reports of successful attempts to distinguish the "symmetric" and "asymmetric" forms of growth deficiencies by using ultrasound [17] ; however, reliable measurements of fetal crown-heel lengths have not been made [18] . Also, in the epidemiologic studies of fetal growth in newborn infants, seldom has enough emphasis been placed on the formation of a truly low-risk comparison group of mothers to serve as controls for the different groups of high-risk mothers. The risk ratios for risk factors for short infants and for low birth weight infants are strongly influenced by the degree of care with which the group of low-risk mothers is selected. Including high-risk pregnancies in the "low-risk" group markedly reduces the apparent risk ratios and statistical contrasts. In order to obtain a truly low-risk group to study, it is essential to exclude at least those mothers who had any of the risk factors in Table 1 , which requires considerably more detailed information than most data sets have, especially those based on birth and death certificates. Moreover, if many of the data are inaccurate or missing, as is true with birth certificates, the result is to decrease the potential to detect real associations. We do not claim that Table 1 includes all of the relevant risk factors; further research undoubtedly will discover additional risk factors not included. A case in point is cocaine abuse in the mothers, which was not seen in this data set [19, 20] . Another example now would be maternal AIDS. We do believe that perinatal epidemiologic studies that do not include careful, systematic measurement of the infant and data collection from each mother will yield progressively diminishing returns. More powerful analysis of large data sets with inadequate and missing data will not answer the current questions. The present situation in perinatal research requires increasingly complete and carefully collected data sets.
